1 LOCKING MECHANISM FOR HANDCUFFS 

2 This is a continuation-in-part of United States Application Serial Number 10/394,668 

3 filed March 21 , 2003, now United States Patent 6,684,666 issued February 3, 2004, which is a 

4 continuation-in-part of United States Application Serial Number 10/091 ,272 filed March 5, 2002, 

5 now United States Patent 6,568,224 issued May 27, 2Q03. 

6 BACKGROUND OF THE INVENTION 

7 1. Technical Field of the Invention. 

8 This invention broadly relates to locking devices. This invention more particularly relates 

9 to mechanical restraining devices referred to in the art as "handcuffs." This invention 

10 specifically relates to a locking mechanism for a handcuff. 

11 2. Description of the Prior Art and Problems Solved. 

12 In the interest of brevity, the disclosures of United States Patent 6,568,224 and United 

13 States Application Serial Number 10/394,668, mentioned above, are incorporated herein by 

14 reference. The Patent and the Application each include a discussion of the prior art relating to 

15 handcuffs and to problems involved with prior art handcuffs. The Patent and the Application 

16 provide a solution for the described problems which solution, in brief, is a novel operating 

1 7 mechanism comprising at least one gear in operable combination with a swing arm and a / 

c 

18 mechanical locking mechanism which operates to permit, as well as to prevent, the rotation of 

19 the gears and related movement of the swing arm. The Patent and the Application also include 

20 definitions of terms which apply herein. 

21 In view of the problems involving the operating and locking mechanisms of handcuffs of 

22 the prior art, the Patent and the Application provide a handcuff wherein a gear in the operating 

23 mechanism is at all times in full contact and intermeshed with teeth on the swing arm when the 
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24 handcuff is being either opened or closed and wherein a mechanical locking mechanism 

25 permits or prevents movement of the gears in the operating mechanism. 

26 It is the object of this invention to provide a handcuff having an electro-mechanical 

27 locking mechanism which can be remotely operated with an electronic key. 

28 These and other objects, advantages and features provided by this invention will 

29 become apparent to those persons skilled in the art from a consideration of the following 

30 description and drawings which describe the apparatus of this invention and the manner and 

31 process of making and using the same. 

32 THE INVENTION 

33 1. Summary of the Invention. 

34 In one aspect, this invention provides an apparatus and a method of using the 

35 apparatus to control the rotation of a gear around a hub. The apparatus is comprised of a cam 

36 and an arm, referred to as the actuation arm, which operate in combination to move a rod which 

37 is adapted to contact the teeth of the gear. The cam is a flat, preferably substantially circular, 

38 plate which is attached to an axle. The axle, referred to as the cam axle, is perpendicularly fixed 

39 to a planar base. The plate is adapted to rotate around the axle in a plane which is parallel to 

40 the base. The hub, mentioned above, is, preferably, perpendicularly fixed to the same planar 

41 base as the mentioned axle. The gear is adapted to rotate around the hub in a plane which is 

42 parallel to the base. 

43 The plate includes a first slot and a first groove. The first slot, referred as the cam slot, 

44 perpendicularly passes through the plate from the top surface to the bottom surface. The first 

45 groove, referred to as the cam groove, is formed between the top surface and the bottom 

46 surface of the plate. The plate further includes two shoulders for engaging and moving a lever 



2 



47 positioned between the shoulders. The lever is attached to the rod which is slidably attached to 

48 the mentioned base. 

49 The first slot extends radially from the edge of the plate toward the axle. The first 

50 groove is formed in at least a peripheral portion of the plate between the top surface and the 

51 bottom surface of the plate and extends from the edge of the plate toward the axle. The first 

52 groove intersects the first slot. 

53 The arm is comprised of a cylinder and a housing. The housing has two open ends and 

54 a hollow interior. It is fixed to the planar base and positioned on the base so that there is no 

55 contact between the housing and the plate, and so that the cylinder may slidably move in the 

56 first groove, which, as mentioned, is formed between the top surface and the bottom surface of 

57 the plate. The housing contains at least one coil in the hollow interior thereof. The coil is of the 

58 type adapted to conduct an electric current. 

59 The cylinder includes a solid portion and a hollow portion having a closed end. The 

60 solid portion of the cylinder, which is referred to as the plunger, is adapted to longitudinally slide 

61 within the coils in the hollow interior of the housing. The plunger enters the housing by way of 

62 the mentioned open ends. 

63 The hollow portion of the cylinder contains a second slot, referred to as the arm slot. 

64 The second slot is formed in opposite walls of the hollow portion of the cylinder. To be more 

65 specific, the second slot is actually two slots in alignment. The second slot is parallel to the 

66 longitudinal axis of the cylinder and intersects the first slot when the cylinder is slidably 

67 positioned in the first groove. A first biasing spring, a second biasing spring and a pin are 

68 positioned in the hollow portion of the cylinder adjacent to the second slot. The first biasing 

69 spring abuts the solid portion of the cylinder (the plunger) and the second biasing spring abuts 

70 the closed end of the hollow portion of the cylinder. The pin, referred to as the cam pin, is 
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71 positioned perpendicularly to the longitudinal axis of the cylinder between the first biasing spring 

72 and the second biasing spring. The pin is of sufficient length to pass through the entire hollow 

73 portion of the cylinder and so that it extends from the second slot into the first slot. The pin 

74 functions as the physical contact between the cam and the arm. Linear movement of the 

75 cylinder causes rotational movement of the cam because of the contact between the pin and 

76 the cam in the first slot 

77 This invention has been thus generally described. It shall, hereafter, be more 

78 specifically described in terms of an apparatus useful in the operation of a set of handcuffs. 

79 Accordingly, 

80 this invention provides an apparatus useful as a handcuff which, with two additions, is 

81 described in United States Patent 6,568,224 and U.S. Application Serial Number 10/394,668, 

82 which is a continuation-in-part of the mentioned patent. 

83 The first addition is a bi-directional solenoid with an associated power source and a UHF 

84 receiver. The second addition is a cam which is moved by the bi-directional solenoid. The two 

85 additions, in combination with a UHF RF transmitter, permit the handcuff to be locked and 

86 unlocked electronically. The use of a mechanical key is not required, but may be employed. 

87 The handcuff is comprised of a housing having an operating and a locking mechanism 

88 enclosed therein. The housing is comprised of at least two, substantially identically shaped, 

89 opposed, substantially parallel, plates, and a swing arm. Each plate is a unitary body divided 

90 into a first section called a "cheek plate," and a second section called a "plate arm." The plates 

91 are spaced apart to provide a machinery space between the cheek plates and a curvilinear 

92 stationary arm defined by the plate arms. The space between the terminal ends of the plate 

93 arms is referred to as the hinge end of the stationary arm. 
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94 The swing arm is an elongated curvilinear body having a pivot end and a free end. The 

95 pivot end of the swing arm is rotatably connected to the hinge end of the stationary arm. The 

96 swing arm extends in an arc toward the machinery space from the hinge end of the stationary 

97 arm. The free end of the swing arm is equipped with teeth adapted to engage, that is, contact 

98 and intermesh with, opposing teeth mounted within the machinery space. 

99 The swing arm, the stationary arm, and the inner edges of the opposed cheek plates 

1 00 cooperate to form the restraining space of the handcuff when the free end of the swing arm is 

101 rotated into and engaged with teeth mounted in the machinery space. 

102 The operating mechanism is housed in the machinery space. In one embodiment, the 

103 operating mechanism of this invention can be a toothed wheel, that is, a gear, whose teeth 

104 engage the teeth mounted on the swing arm. In another embodiment, the operating 

105 mechanism of this invention can be comprised of two gears, each of whose teeth can 

106 simultaneously engage the teeth mounted on the swing arm. In still another embodiment, the 

107 operating mechanism of this invention can be comprised of an array of three intermeshing 

108 gears having two gears, referred to herein as "working gears," whose teeth can simultaneously 

109 engage the teeth mounted on the swing arm, and a third gear, referred to herein as an "idler 

1 10 gear," whose teeth are continually and simultaneously engaged with the teeth on the two 

1 1 1 working gears. In still another embodiment, the operating mechanism can be comprised of a 

1 12 single working gear and an idler gear. 

113 When the handcuff is being opened or closed, that is, when the restraining space is 

1 14 being opened or closed, teeth mounted on the swing arm are always in contact with teeth on at 

1 1 5 least one of the working gears. Thus, gear teeth engage teeth of the swing arm (1 ) when the 

1 16 swing arm is in the closed position and not moving; (2) when the swing arm is being rotated into 
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117 machinery space to place the handcuff into the closed position; and (3) when the swing arm is 

1 1 8 being rotated out of the machinery space to place the handcuff in the open position. 

119 Any working gear of the operating mechanism having teeth engaged, that is, in contact 

120 and intermeshed, with teeth on the swing arm must rotate to enable any rotational movement of 

121 the swing arm. 

122 By this invention there is provided a multifunction electro-mechanical locking mechanism 

123 which controls the rotation of the gears. The locking mechanism of this invention is housed in 

124 the machinery space in a location separate from the operating mechanism. 

125 The locking mechanism features three locking positions. In the first locking position, 

126 referred to herein as the "closing position," the locking mechanism is adjusted to permit rotation 

127 of the gears in one direction to permit closing rotation of the swing arm, and to prevent rotation 

128 of the gears in the opposite direction to prevent opening rotation of the swing arm. In the 

129 second locking position, referred to herein as the "locked position," the locking mechanism is 

130 adjusted to prevent any rotation of the gears in any direction to prevent any rotation of the 

131 swing arm in any direction. In the third locking position, referred to herein as the "free position," 

1 32 the locking mechanism is adjusted to permit rotation of the gears in any direction to permit 

133 rotation of the swing arm in any direction. The operating mechanism includes a linear rod 

134 which, in terms of operation, controls rotation of the gears. The linear rod can be positioned to 

135 be or not to be in direct contact with a gear. 

136 The operating mechanism of this invention is controlled by the locking mechanism which 

137 functions to position the linear rod. The locking mechanism is comprised of a cam and an arm, 

138 which is sometimes referred to herein as a bidirectional solenoid activation arm, or more simply, 

139 as the actuation arm. The cam is in operable combination with a cam lever which is rigidly 

140 attached to the linear rod at a point intermediate the proximal end and the distal end of the 
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141 linear rod. A cam axle is fixed to at least one cheek plate of the handcuff in the machinery 

142 space. The cam rotates around the cam axle in a plane parallel to the cheek plates. The 

143 bidirectional solenoid activation arm is mounted in the machinery space, parallel to the cheek 

144 plates in a position partially internal to the cam, but separated from the cam axle. The actuation 

145 arm is in operable combination with the cam. As mentioned, the cam rotates. The actuation 

146 arm has a component, the housing, which does not move, and a component, the cylinder which 

147 moves linearly. 

148 The actuation arm is a linear component comprised of two principal elements: a 

149 housing, which contains electrical coils, and a cylinder. The cylinder is subdivided into a solid 

150 portion, the plunger, and a hollow portion. The housing is fixed in a position which will not 

151 interfere with the rotation of the cam, but which will enable the cylinder to slidably move in the 

1 52 cam in a part of the cam called the cam groove, which is described below. The housing has a 

1 53 hollow interior. The coils are mounted in the hollow interior to form loops transverse to the 

1 54 longitudinal axis of the housing. The plunger of the cylinder is adapted to linearly slide through 

1 55 the loops defined by the electrical coils. 

156 The cam is a flat, oval plate having a top surface and a bottom surface. The plate is 

157 pierced by a hole, referred to as the axle hole, which is at right angles to the plate. The cam 

158 has three distinct operating areas spaced evenly apart around the axle hole. The operating 

159 areas include an open area, a slotted area and a closed area. 

160 The open area, sometimes referred to as the forked area of the cam, has a first 

1 6 1 shoulder on one side of the opening and a second shoulder on the opposite side of the 

162 opening. The second shoulder is spaced apart from and is shorter than the first shoulder. 

163 The closed area contains two, spaced-apart, semicircular grooves located on the outer 

164 edge of the closed area. The grooves are referred to herein as detents. 
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165 The slotted area, located intermediate the closed area and the open area, contains a 

166 first linear slot, referred to as the cam slot, and a cam groove. The cam slot extends radially 

167 from the edge of the cam toward the cam axle and is comprised of a first side, a second side 

168 and an end. The end is located between the cam axle and the edge of the cam and connects 

169 the two sides. The cam slot is sized to enable the cam pin, hereinafter described, located in the 

1 70 hollow portion of the cylinder to move in a radial direction as the cam is rotated about the cam 

171 axle by linear movement of the cylinder. To be more precise, the cam pin does not actually 

1 72 move toward or away from the cam axle, because the transverse movement of the cam pin is 

1 73 prevented, or at least restricted, by the cylinder. But the distance between the cam axle and 

1 74 the cam pin changes along the cam slot as the cam rotates. 

175 The cam groove, which is variable in depth, is formed in the edge of the slotted area of 

176 the cam between the top and bottom surfaces thereof and passes through the slotted area 

1 77 between the closed area and the open area. The top of the groove is the edge of the cam and 

178 is, thus, open. The bottom of the groove is closed and is curvilinear. The cam groove intersects 

179 the cam slot. 

180 The cylinder component of the actuation arm has a solid portion, the plunger, 

181 substantially located within the hollow interior of the housing, and a hollow portion having a 

182 closed end. The hollow portion is comprised of a slot, referred to as the arm slot, and contains, 

183 in the hollow interior, two biasing springs and a pin, referred to as the cam pin. The cam pin is 

1 84 positioned between the biasing springs. The arm slot, which is actually a pair of aligned slots 

1 85 formed in opposite walls of the hollow portion of the cylinder, penetrates the wall of the cylinder 

186 and is parallel to the longitudinal axis of the cylinder. 

1 87 The hollow portion of the cylinder is partially positioned within the cam groove, and 

1 88 approaches, but does contact, the curvilinear bottom of the groove as the cam rotates. In other 
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189 words, the bottom of the cam groove does not obstruct the movement of the cylinder as linear 

190 motion of the cylinder produces rotational motion of the cam. The cam groove also permits a 

191 handcuff key to rotate the cam about the cam axle. 

192 The cam pin connects the actuation arm with the cam and converts linear motion of the 

1 93 cylinder to rotational motion of the cam. 

194 The arm slot is sized to permit the cam pin, which moves in the cam slot, to 

195 simultaneously move within the arm slot. The spring biasing means located in the hollow 

196 portion of the cylinder position the cam pin in the arm slot. 

197 Passing an electric current through the coil in the housing creates a magnetic force 

198 which causes the plunger, which is surrounded by the coil in the housing, to move linearly. 

199 Accordingly, the entire cylinder moves linearly parallel to the longitudinal axis of the activation 

200 arm. Linear movement of the cylinder and, thus of the cam pin in the cam slot, causes rotation 

201 of the cam about the cam axle, which causes contact between the cam lever and one of the 

202 first shoulder and second shoulder in the open area which, in consequence, controls rotation of 

203 the gear, or gears and the swing arm. 

204 The locking mechanism can be employed in a handcuff having an operating mechanism 

205 comprised of at least one working gear, a swing arm and a linear rod, or with an operating 

206 mechanism comprised of an idler gear and one or two working gears, a swing arm and a linear 

207 rod. Accordingly, the operating mechanism can include a combination of two working gears, a 

208 combination of one working gear and an idler gear, or a combination of two working gears and 

209 an idler gear. The linear rod can be positioned to contact any of the gears. 

210 The locking mechanism contains means for rotating the cam on the cam axle and detent 

211 means for maintaining the position of the cam with respect to the cam lever. In one 

212 embodiment, the means for rotating the cam about the cam axle is caused by activation of the 
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213 bidirectional solenoid operating in response to an electronic signal. Activation of the 

214 bidirectional solenoid causes linear motion of the cylinder and the cam pin which rotates the 

215 cam about the cam axle, in either an unlocking or locking direction, depending upon mode of 

2 1 6 activation of the arm. 

217 Activation of the arm in the opening direction produces linear force against the cam pin 

218 in the cam slot in an amount sufficient to rotate the cam about the cam axle in the opening 

219 direction. Such rotation of the cam causes contact between the cam lever and the inside 

220 surface of the first shoulder to thereby linearly urge the rod against the biasing means at the 

221 distal end of the rod. 

222 Activation of the arm in the closing direction produces linear force against the cam pin in 

223 the cam slot in an amount sufficient to rotate the cam about the cam axle in the closing 

224 direction. Such rotation of the cam causes contact between the cam lever and the inside 

225 surface of the second shoulder to thereby linearly urge the rod against the teeth of a gear, such 

226 the idler gear. 

227 The locking mechanism can further include a power source, comprising a battery, a 

228 UHF RF sensor module and a remote UHF RF transmitter. These elements are known and are 

229 used in other applications, such as garage door openers and vehicle keyless entry/locking 

230 devices. These elements are employed in combination with the cam, the bidirectional solenoid, 

231 and activation arm. 

232 The power source and UHF RF sensor module are each mounted in the machinery 

233 space of the handcuff. The UHF RF sensor module interprets the received RF signal and 

234 causes the bidirectional cam activation solenoid to move in the desired direction. The remote 

235 UHF RF transmitter, as the description implies, is not mounted in the handcuff. 
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236 In another embodiment, the means for rotating the cam about the cam axle can be a 

237 mechanical handcuff key which is inserted into a key way followed by rotation of the key to 

238 rotate the cam in the desired direction. The handcuff key can be used as a backup to rotate the 

239 cam about the cam axle in the opening rotational direction from the electronically derived closed 

240 position. Opening rotation causes the cam pin to travel linearly in the arm slot to compress the 

241 biasing spring at the closed end of the hollow cylinder. Such rotation of the cam about the cam 

242 axle causes contact between the cam lever and the inside surface of the first shoulder to 

243 compress the biasing means at the distal end of the rod. 

244 Rotation of the cam about the cam axle in the closing rotational direction from the 

245 electronically derived open position by use of a backup handcuff key causes the cam pin to 

246 travel linearly in the arm slot to compress the biasing spring at the plunger end of the hollow 

247 portion of the cylinder. Such rotation of the cam about the cam axle causes contact between 

248 the cam lever and the inside surface of the second shoulder to urge the rod against the teeth of 

249 the idler gear. 

250 2. Brief Description of the Drawings. 

251 Figure 1 is a three-dimensional representation of a set of handcuffs as described in 

252 United States Patent 6,568,224, which is sometimes referred to herein as the '224 patent. 

253 Figure 1a is a three-dimensional representation of a key employed to manipulate the 

254 locking mechanism of the handcuff shown in Figure 1 . 

255 Figure 2 is a plan view of a handcuff as described in United States Patent 6,568,224 

256 having an exterior plate removed to reveal the swing arm, the interior plate, the machinery 

257 spaces, the operating mechanism and the locking mechanism configured in the free position. 

258 The reference numerals shown in Figures 1, 1a and 2 identify features described in the *224 

259 patent. 
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260 Figure 3 is a plan view of a handcuff of this invention having an exterior plate removed 

261 to reveal a part of the swing arm, interior plate, the machinery spaces, the operating 

262 mechanism, and the electro-mechanical locking mechanism configured in the closing position. 

263 Figure 4 is a plan view of a handcuff of this invention having an exterior plate removed 

264 to reveal a part of the swing arm, interior plate, the machinery spaces, the operating 

265 mechanism, and the electro-mechanical locking mechanism configured in the locked position. 

266 Figure 5 is a plan view of a handcuff of this invention having an exterior plate removed 

267 to reveal a part of the swing arm, interior plate, the machinery spaces, the operating 

268 mechanism, and the electro-mechanical locking mechanism configured in the free position. 

269 Compare Figure 2 with Figure 5. 

270 Figure 6 is a plan view of a handcuff of this invention having an exterior plate removed 

271 to reveal a part of the swing arm, interior plate, the machinery spaces, the operating 

272 mechanism, and the electro-mechanical locking mechanism configured in the free position by a 

273 mechanical key. Compare Figures 4, 5 and 6. 

274 Figure 7 is a plan view of a handcuff of this invention having an exterior plate removed 

275 to reveal a part of the swing arm, interior plate, the machinery spaces, the operating 

276 mechanism, and the electro-mechanical locking mechanism configured in the locked position by 

277 a mechanical key. Compare Figures 3 and 7. 

278 Figure 8 is an enlarged plan view of the cam of the electro-mechanical locking 

279 mechanism shown in Figures 3-7. Figure 8 shows the open area, closed area, and slotted area 

280 of the cam. 

281 Figure 8a is a sectional view of Figure 8 taken in the direction of B-B showing the cam 

282 groove. 
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283 Figure 9 is a plan view of the bidirectional solenoid activation arm in the closing position 

284 showing the housing, cylinder and cam pin together with the plunger and hollow portion of the 

285 cylinder. 

286 Figure 9a is a sectional view taken of Figure 9 taken in the direction of A-A showing the 

287 arm slot. 

288 Figure 10 is a plan view of the bidirectional solenoid activation arm in the locked position 

289 showing the housing, cylinder and cam pin together with the plunger and hollow portion of the 

290 cylinder. 

291 Figure 10a is a sectional view taken of Figure 10 taken in the direction of C-C showing 

292 the activation arm slot. 

293 3. Description of the Preferred Embodiments. 

294 This invention provides an apparatus useful as a handcuff. The apparatus is comprised 

295 of a housing having an operating and a locking mechanism enclosed therein, wherein the 

296 housing, as shown in Figure 1 , is comprised of at least two, substantially identically shaped, 

297 opposed, substantially parallel, plates, 6 and 7, and a swing arm, 22. Each plate is a unitary 

298 body having an inside surface, an outside surface, an arm side, A, and an open side, B. Each 

299 plate, such as plate 6, for convenience of reference herein, is divided into a first section, 6a, 

300 referred to as a "cheek plate," and a second section, 6b, referred to as a "plate arm." A plate 

301 arm is a narrow, elongated, curvilinear part of the plate which extends in an arc from the arm 

302 side of the plate to a terminal end on the open side of the plate. The plates are spaced apart to 

303 provide a machinery space between the opposed inside surfaces of each cheek plate and a 

304 curvilinear stationary arm defined by the spaced, opposed plate arms. The space between the 

305 terminal ends of the plate arms is referred to as the hinge end of the stationary arm. 
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306 The swing arm, like the stationary arm, is also a narrow, elongated curvilinear body 

307 having a pivot end and a free end. The pivot end of the swing arm is positioned between the 

308 terminal ends of the plate arms and rotatably connected to the hinge end of the stationary arm. 

309 The swing arm extends in an arc toward the open side of each plate from the hinge end of the 

310 stationary arm to the free end of the swing arm. The free end of the swing arm is equipped with 

311 teeth adapted to engage, that is, contact and internriesh with, opposing teeth mounted within the 

3 1 2 machinery space. 

313 The swing arm, the stationary arm, and the inner edges of the opposed cheek plates 

314 cooperate to form the restraining space of the handcuff when the free end of the swing arm is 
.315 rotated into and engaged with teeth mounted in the machinery space. 

316 The operating mechanism of this invention is housed in the machinery space between 

317 the opposed cheek plates. In one embodiment, the operating mechanism of this invention can 

318 be a toothed wheel, that is a gear, whose teeth engage the teeth mounted on the swing arm. In 

319 another embodiment, the operating mechanism of this invention can be comprised of two gears, 

320 each of whose teeth can simultaneously engage the teeth mounted on the swing arm. In still 

321 another embodiment, the operating mechanism of this invention can be comprised of an array 

322 of three intermeshing gears having two gears, referred to herein as "working gears," whose 

323 teeth can simultaneously engage the teeth mounted on the swing arm, and a third gear, 

324 referred to herein as an "idler gear," whose teeth are continually and simultaneously engaged 

325 with the teeth on the two working gears. In still another embodiment, the operating mechanism 

326 can be comprised of a single working gear and an idler gear. 

327 The description of the operating mechanism, as shown in Figures 2-7, is contained in 

328 the mentioned '224 patent. In this regard attention is directed to Figures 1,1a and 2. Notice 

329 that the locking mechanism shown in Figures 1,1a and 2 and described in the '224 patent is 
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330 not the electro-mechanical locking mechanism shown in Figures 3-7 which is described herein. 

331 When the handcuff is being opened or closed, that is, when the restraining space is 

332 being opened or closed, teeth mounted on the swing arm are always in contact with teeth on at 

333 least one of the working gears. Thus, gear teeth engage teeth of the swing arm (1 ) when the 

334 swing arm is in the locked position and not moving, as shown in Figure 4, (2) when the swing 

335 arm is being rotated toward the arm side of the plates to place the handcuff into the closing 

336 position, as shown in Figure 3, and (3) when the swing arm is being rotated toward the open 

337 side of the plates to place the handcuff in a free position, as shown in Figure 5. 

338 Any working gear of the operating mechanism having teeth engaged, that is in contact 

339 and intermeshed, with teeth on the swing arm must rotate to enable any rotational movement of 

340 the swing arm. This invention, accordingly, provides a multifunction locking mechanism which 

341 controls the rotation of the gears. The locking mechanism of this invention is housed in the 

342 machinery space between the opposed cheek plates in a location separate from the operating 

343 mechanism. 

344 In a first position, shown in Figure 3, referred to herein as the "closing position," the 

345 locking mechanism is positioned to permit rotation of the gears in one direction to thereby 

346 permit closing rotation of the swing arm, and to prevent rotation of the gears in the opposite 

347 direction to prevent opening rotation of the swing arm. In a second position, shown in Figure 4, 

348 referred to herein as the "locked position," the locking mechanism is positioned to prevent any 

349 rotation of the gears in any direction to thereby prevent any rotation of the swing arm in any 

350 direction. In a third position, shown in Figure 5, referred to herein as the "free position," the 

351 locking mechanism is positioned to permit rotation of the gears in any direction to thereby 

352 permit rotation of the swing arm in any direction. 
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353 Figure 2 features an operating mechanism comprised of an array of three intermeshing 

354 gears, two working gears, one idler gear, and a control pin, wherein the control pin directly 

355 contacts a working gear. The control pin is operated by a mechanical locking mechanism. In 

356 contrast, Figures 3-7 illustrate an embodiment of this invention also featuring an operating 

357 mechanism comprised of an array of three intermeshing gears, two working gears and one idler 

358 gear, and a linear rod, wherein the linear rod directly contacts the idler gear. The linear rod is 

359 operated by an electro-mechanical locking mechanism. The essential distinction between the 

360 embodiment of Figure 2 and the embodiment of Figures 3 - 7 is the locking mechanism. 

361 As mentioned, the operating mechanism can further include a linear rod comprising a 

362 linear rod slidably mounted on, and parallel to, the fixed planar base in the machinery space in 

363 a position opposed to a working gear, and preferably perpendicular to the axle of the working 

364 gear. In another embodiment, as shown in Figures 3-7, the linear rod can be in a position 

365 opposed to an idler gear and preferably perpendicular to the axle of the idler gear. The linear 

366 rod has a proximal end, a distal end and a biasing means, such as spring, abutting the distal 

367 end of the rod to urge the proximal end of the rod into contact with the teeth of the designated 

368 gear. The proximal end of the rod is adapted to contact the teeth on the gear to permit rotation 

369 of the gear around its axle in one rotational direction while preventing rotation of the gear 

370 around its axle in the opposite rotational direction. 

371 The operating mechanism of this invention can be further controlled by a locking 

372 mechanism comprised of cam 704, Figure 8, and bidirectional solenoid 800, Figures 9 and 10. 

373 Cam 704 is in operable combination with cam lever 610, which is rigidly attached to linear rod 

374 608 at a point intermediate proximal end 608a and distal end 608b of linear rod 608. 

375 Bidirectional solenoid activation arm 800 is comprised of housing 801 , containing electrical coils 

376 801a, and cylinder 803 comprised of a solid portion, plunger 802, and a hollow portion 803a. 
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377 Arm 800 is located in housing block 520 adjacent to cam 704. Housing 801, containing coils 

378 801a, is fixed in housing block cavity 520a, while cylinder 803, comprising plunger 802 hollow 

379 portion 803a, move bidirectionally linearly through the electrical coils 801a and slidably in cavity 

380 805 in housing block 520. Housing 801 is positioned to avoid contact with cam 704, but to 

381 enable cylinder 803 to slidably move in cam groove 731 of cam 704. 

382 As shown in Figures 8 and 8a, cam 704 is a flat plate which is generally circular in 

383 shape having axial hole 710 in the center thereof which is at right angles to the plate. Cam 704 

384 includes three distinct areas which are spaced apart about axle hole 710. The spaced areas 

385 are open area 732, slotted area 730 and closed area 733. 

386 Open area 732, also referred to as the forked area of cam 704, has first shoulder 71 1 on 

387 one side thereof and second shoulder 712 on the opposite side thereof, wherein second 

388 shoulder 71 2 is spaced apart from and shorter than first shoulder 71 1 . 

389 Closed area 733 has two semicircular grooves, referred to herein as detent 707 and 

390 detent 708, formed on the outer edge thereof. 

391 Slotted area 730, intermediate closed area 733 and open area 732, contains cam slot 

392 730a which extends from the edge of cam 704 radially toward axle hole 710. Slot 730a 

393 consists of an open end at the edge of cam 704, parallel sides 734 and 735 and closed 

394 semicircular end 736 that connects the parallel sides. Cam slot 730a is sized to permit cam pin 

395 808, located in arm slot 804 of cylinder 803, to move radially with respect to axle 705, as cam 

396 704 is rotated about cam axle 705 by the linear motion of cylinder 803. As was previously 

397 explained, cam pin 808 does not move radially in cam slot 804 with respect to axle 705. The 

398 rotation of cam 704, however, causes the distance between pin 808 and axle 705 to change. 

399 Curvilinear groove 731 is formed in the edge of cam 704 in slotted area 730. Groove 

400 731 is formed between the upper and lower surfaces of cam 704. The plane of groove 731 is 
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401 perpendicular to cam axle 705. As shown by the dotted line on Figure 8, groove 731 is variable 

402 in depth and extends from closed area 733, in the vicinity of detent 707, and extends to open 

403 area 732 in the vicinity of first shoulder 71 1 . The variable depth of groove 731 produces a 

404 curved bottom surface within the interior of cam 704 as shown by the dotted line on Figure 8. 

405 Groove 731 is sized to permit cylinder 803 to be slidably positioned within groove 731 between 

406 the edge of cam 704 and cam axle 705 as shown in Figures 3-7. Cylinder 803 slides within 

407 groove 731 as cam 704 rotates around cam axle 705. The depth of groove 731 is sufficient to 

408 avoid contact between cylinder and the bottom of groove 731 . 

409 The rotation of cam 704 can be caused by pin 808 moving within slot 804 and against 

410 sides 734 and 735 of slot 730a, to thereby convert the linear motion of cylinder 803 to the 

41 1 rotational motion of cam 704. Cam 704 can also be rotated by handcuff key 300, as shown in 

412 Figure 1. Curvilinear groove 731 is located in cam 704 to enable cylinder 803 to slide within 

413 groove 731 regardless of the rotational position of cam 704. 

414 As seen in Figures 9, 9a, 10 and 10a cylinder 803 is a cylindrical tube comprised of 

415 hollow portion 803a and plunger 802. Portion 803a includes proximal end 806 which abuts 

416 plunger 802 and closed distal end 807. Cam pin 808 is located in cylinder intermediate 

417 proximal end 806 and distal end 807 of hollow portion 803a. Cam pin 808 parallel to cam axle 

418 705 and perpendicular to the longitudinal axis of cylinder 803. As seen in Figure 9 and 10, cam 

419 pin 808 extends beyond the exterior surface of cylinder 803 and penetrates slot 730a of cam 

420 704 to thereby establish a movable connection between activation arm 800 and cam 704. Pin 

421 808 functions to convert linear movement of cylinder 803 to rotational motion of cam 704. 

422 Cam pin 808 is slidably maintained within arm slot 804 in hollow portion 803a between 

423 biasing springs 809 and 810 which are located in the hollow interior of hollow portion 803a at 
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424 proximal end 806 and distal end 807, respectively. Cam pin 808 is positioned between spring 

425 809 and spring 810 perpendicular to the longitudinal axis cylinder 803. 

426 Cam axle 705 is perpendicularly fixed to parallel cheek plates 6 and 7. Cam 704 is 

427 rotatably mounted on cam axle 705. Cam lever 610 on rod 608 is situated between first 

428 shoulder 71 1 and second shoulder 712 of open area 732 of cam 704. Cam 704 rotates around 

429 cam axle 705 in a plane parallel to cheek plates 6 and 7. 

430 The locking mechanism of this invention can be, and is preferably, further comprised of 

431 a mechanical means, such as key 300, for rotating cam 704 about cam axle 705 and further 

432 comprised of detent assembly 706, including spring 718 and ball 719, acting in combination with 

433 detents 707 and 708 for maintaining the position of cam 704 with respect to cam lever 610 in 

434 either the closing position, Figure 3, or the locked position, Figure 4. 

435 As seen in Figure 5, counter clockwise rotation of cam 704 around cam axle 705, by 

436 means of cylinder 803, causes contact between cam lever 610 and the inside surface of first 

437 shoulder 71 1 to thereby linearly urge distal end 608a of rod 608 against biasing spring 618, to 

438 permit rotation of idler gear 606 in any rotational direction. 

439 As seen in Figure 4, clockwise rotation of cam 704 around cam axle 705, by means of 

440 cylinder 803, causes contact between the cam lever 610 and the inside surface of second 

441 shoulder 712 to thereby linearly urge proximal end 608b of rod 608 against the teeth of idler 

442 gear 606 to prevent rotation of idler gear 606 in any rotational direction. 

443 As seen in Figure 3, positioning cam 704 in the closing position permits contact between 

444 cam lever 610 and the inside surface of first shoulder 71 1 , but does not urge distal end 608a of 

445 rod 608 against biasing spring 618, to permit closing rotation of idler gear 606 while preventing 

446 opening rotation of idler gear 606. 
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As shown in Figure 6, rotation of cam 704 about cam axle 705 in counter clock wise 
direction by a handcuff key, such as key 300, from the electronically derived locked position, 
Figure 4, causes cam pin 808 to move linearly in arm slot 804 and change position in cam slot 
730a. These movements cause the compression of biasing spring 810 at end 807 of cylinder 
803 and contact between cam lever 610 and the inside surface of the first shoulder 71 1 to 
thereby move rod 608 against biasing spring 618 at distal end 608a. 

As shown in Figure 7, rotation of cam 704 about cam axle 705 in clockwise direction by 
a handcuff key, such as key 300, from the electronically derived closing position, Figure 3, 
causes cam pin 808 to move linearly in arm slot 804 and to change position in cam slot 730a. 
These movements cause the compression biasing spring 809 at end 806 of cylinder 803 and 
contact between cam lever 610 and the inside surface of second shoulder 712 to thereby 
prevent linear movement of rod 608 against biasing spring 618 at distal end 608a. 

Refer now to Figures 2 and Figures 3-10. Every detail of Figures 3-10 is not described, 
but notice that the reference numerals employed in Figure 3 are 500 numbers greater than the 
numerals shown in Figures 1 and 2. Thus, for example, reference numeral 106 in Figure 2 
corresponds to reference numeral 606 in Figure 3. Specific reference is made to a numeral in 
Figures 3-10 only if clarification is believed to be served by such reference. 

As mentioned above, this invention provides an apparatus useful as a handcuff which, 
with two additions, is described in United States Patent 6,568,224 and U.S. Application Serial 
Number 10/394,668. The first addition is a bi-directional solenoid with an associated power 
source and a UHF receiver. The second addition is a modification of yoke 204 as described in 
the '224 patent . The modified yoke, now referred to as cam 804, enables the use of the bi- 
directional solenoid. 
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470 To prevent any rotation of the gears in any direction the locking mechanism is 

471 configured in the locked position as shown in Figure 4. It is to be understood that the swing 

472 arm, if not engaged with a tooth of a gear as shown in Figure 4, can move until it contacts a 

473 gear tooth, then it cannot move. The locked position, as shown in Figure 4, resists any force 

474 placed by a tooth of idler gear 606 moving in the closing rotational direction on the slant side of 

475 the wedge of proximal end 608b to compress spring 618. 

476 The locking mechanism of this invention, shown in cavity 507, is comprised of detent 

477 assembly 706, cam axle 705 and cam 704 in operable combination with bidirectional solenoid 

478 activation arm 800 which is mounted in the machinery space and partially internal to cam 704. 

479 Referring to Figure 8, cam 704 is in the shape of a circular plate pierced in the middle by 

480 axle hole 710, which is at right angles to the plate. The circular shape of cam 704 is modified in 

481 that material has been removed therefrom in three distinct spaced areas around the periphery 

482 of cam 704. The spaced areas, which are about 120 degrees apart, are open area 732, slotted 

483 area 730 and closed area 733. 

484 Open area 732, also referred to as the forked area of cam 704, has first shoulder 71 1 on 

485 one side of opening 732 and second shoulder 712 on the opposite side of opening 732. 

486 Second shoulder 71 2 is spaced apart from and shorter than first shoulder 711. 

487 Cam 704 contains two semicircular grooves 707 and 708 located on the outer edge of 

488 closed area 733. The grooves are referred to herein as detents. 

489 Slotted area 730, intermediate closed area 733 and forked area 732, contains cam slot 

490 730a formed in the edge of cam 704 and extending radially toward axle hole 710. Cam slot 

491 730a is comprised of first portion 734, second portion 735 and semicircular end 736 which 

492 connects portions 734 and 735. Slot 730a is sized to slidably receive cam pin 808, shown in 
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493 Figure 9 to be located in cylinder 803. Slot 730a enables pin 808 to change the distance from it 

494 to axle hole 710, as cam 704 rotates about cam axle 705. 

495 Groove 731 is formed in the edge of cam 704 in slotted area 730 between closed area 

496 733 and forked area 732. As seen in Figures 3-8, groove 731 is variable in depth and is sized 

497 to slideably receive and contain cylinder 803. The variable depth of groove 731 produces a 

498 curvilinear bottom between the edge of cam 704 in area 730 and axle hole 71 0. Cylinder 803 

499 slides within groove 731 , but does not contact the curvilinear bottom of groove 731 . Groove 

500 731 also allows a handcuff key to rotate cam 704 about cam axle 705 without moving cylinder 

501 803. 

502 Cam 704 further contains three linear pockets 714, 715 and 716 formed on the surface 

503 of axle hole 710. Each of the pockets 714, 715 and 716 is parallel to cam axle 705. The 

504 pockets are spaced at intervals around the surface of axle hole 710. There must be at least 

505 one such linear pocket. Multiple pockets can be spaced at intervals greater or less than 120- 

506 degree intervals. 

507 Cam axle 705 is perpendicularly fixed to a cheek plate in the machinery space. Cam 

508 704 is rotatably mounted on cam axle 705 so that cam lever 610 on linear rod 608 is situated 

509 between first shoulder 71 1 and second shoulder 712 in area 732. Cam 704 rotates around cam 

510 axle 705 in a plane parallel to the cheek plates. 

511 Referring to Figures 9 and 10, bidirectional solenoid 800 is comprised of housing 801 

512 containing electrical coils 801a, and cylinder 803 containing plunger 802 and hollow portion 

513 803a. Bidirectional solenoid 800 is mounted in the machinery space wherein cylinder 803 is 

514 substantially completely slidably maintained in groove 730a, and housing 801 with electrical 

5 1 5 coils 801 a are fixed in housing block cavity 520a. 
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516 Cylinder 803 is a tube comprised of plunger 802 and hollow portion 803a having 

5 1 7 proximal end 806 abutting plunger 802 and distal end 807 at the closed end of portion 803a. 

518 Arm slot 804 is formed in the wall of hollow portion 803a parallel to the longitudinal axis of 

519 cylinder 803. Springs 809 and 810 are located within the hollow portion 803a, wherein spring 

520 809 is positioned in proximal end 806 and spring 810 is positioned in distal end 807. 

521 Cam pin 808 is located intermediate springs 809 and 810 in a position parallel to cam 

522 axle 705. Cam pin 808 extends beyond the outer surface of cylinder 803 and is adapted to 

523 slide in slot 730a of cam 704. Cam pin 808 movably connects solenoid activation arm 800 and 

524 cam 704 and functions to convert linear motion of cylinder 803 to rotational motion of cam 704. 

525 Cam pin 808 also moves within slot 804 of cylinder 803. Springs 809 and 810 operate to 

526 maintain pin 808 in cam slot 730a. 

527 As seen in Figures 3, 8, 9 and 10, energizing coil 801a by means of an electrical current 

528 creates a magnetic force between coils 801a and plunger 802 which causes cylinder 803 to 

529 linearly move cam pin 808 in a first direction against first portion 734 of slot 730a of cam 704 to 

530 thereby convert the linear motion of cam pin 808 to rotational motion of cam 704 in the closing 

531 direction. This causes contact between cam lever 610 and the inside surface of first shoulder 

532 71 1 to thereby linearly urge rod 608 against biasing means 618 at distal end 608a of rod 608, 

533 ' but not by an amount sufficient to prevent contact between the proximal end 608b of rod 608 

534 and the teeth of idler gear 606. 

535 As seen in Figures 4, 9, and 10 energizing coil 801a by means of an electrical current 

536 creates a magnetic force between coils 801a and plunger 802 and causes cylinder 803 to 

537 linearly move cam pin 808 in a second direction against second portion 735 of slot 730a of cam 

538 704 to thereby convert the linear motion of cam pin 808 to rotational motion of cam 704 in a 

539 locking direction. This causes contact between cam lever 610 and the inside surface of second 
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540 shoulder 712 to thereby linearly urge proximal end 608b of rod 608 against the teeth of idler 

541 gear 606. 

542 As seen in Figures 5, 9 and 10 energizing coil 801a by means of an electrical current 

543 creates a magnetic force between coils 801a and plunger 802 and causes cylinder 803 to 

544 linearly move cam pin 808 in the mentioned first direction against the first portion 734 of slot 

545 730a of cam 704 to thereby convert the linear motion of cam pin 808 to rotational motion of cam 

546 704 about cam axle 705 in the closing direction. This causes contact between cam lever 610 

547 and the inside surface of the first shoulder 71 1 to move rod 608 against biasing means 618 at 

548 distal end 608a of rod 608 by an amount sufficient to prevent contact between proximal end 

549 608b of rod 608 and the teeth of idler gear 606. 

550 As seen in Figure 6, mechanical rotation of cam 704 about cam axle 705 in the counter 

551 clock wise direction, through the use of key 300, from the locked electronic position, Figure 4, 

552 causes cam pin 808 to travel linearly in arm slot 804 to compress spring 810 at distal end 807 

553 of cylinder 803. Additionally, mechanical rotation of cam 704 about cam axle 705 causes 

554 contact between cam lever 610 and the inside surface of the first shoulder 71 1 to linearly urge 

555 the distal end 608a of rod 608 against spring 618 by an amount sufficient to prevent contact 

556 between proximal end 608b of rod 608 and the teeth of idler gear 606. 

557 As seen in Figure 7, mechanical rotation of cam 704 about cam axle 705 in the clock 

558 wise rotational direction, through the use of key 300, from the closing electronic position, Figure 

559 3, causes cam pin 808 to travel linearly in arm slot 804 to compress spring 809 at the proximal 

560 end of cylinder 803. Additionally, rotation of cam 704 about cam axle 705 in the clock wise 

561 direction causes contact between cam lever 610 and the inside surface of the second shoulder 

562 712 to urge the proximal end 608b of rod 608 against the teeth of the idler gear 606 to prevent 

563 rotation of idler gear 606. 
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564 The locking mechanism of this invention can further include a power source comprising 

565 battery 901 , located in housing block 520, a UHF RF sensor module 912, which interprets the 

566 received RF signal and activates cam solenoid 800 in the correct direction, and a remote UHF 

567 RF transmitter. 

568 4. Operation of the Invention. 

569 The basic operation and cooperation of the various elements of the operating 

570 mechanism and the locking mechanism of this invention have been discussed. 

571 The activation of the remote transmitter generates an opening or a closing UHF RF 

572 signal. RF sensor module 912 interprets the received RF signal and activates bidirectional 

573 solenoid 800 in the correct direction. As shown in Figures 3 and 9, an opening signal causes 

574 the bidirectional solenoid 800 to extend cylinder 803 out of housing 801 toward rod 608. 

575 Springs 809 and 810 position cam pin 808 within slot 804 to urge against first portion 734 of 

576 730a of cam 704. Cam 704, in response to the applied force of cam pin 808, rotates in a 

577 counter clockwise direction. Similarly, as shown in Figures 4 and 10, a closing signal causes 

578 the bidirectional solenoid 800 to retract cylinder 803 into housing 801 away from rod 608. 

579 Springs 809 and 810 position cam pin 808 within slot 804 to urge against second portion 735 of 

580 slot 730a of cam 704. Cam 704, in response to the applied force of pin 808, rotates in a 

581 clockwise direction. 

582 In all electronic operating modes, bias springs 809 and 810 operate to position cam pin 

583 808 to apply sufficient force against sides 734 and 735 in slot 730a, to rotate cam 704 about 

584 cam axle 705, and to compress detent spring 718. 

585 In a first electronic operational mode, the force applied by cam pin 808 against side 734 

586 of cam slot 730a is sufficient to compress detent spring 718 to enable detent ball 719 to move 

587 out of detent 707, the "locked position" as shown in Figure 4, and to cause cam 704 to rotate 
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588 counter clockwise about cam axle 705, so that ball 719 will move into detent 708 to thereby 

589 place the handcuffs in the "closing position" as shown in Figure 3. In this mode the swing arm 

590 can only move in the closing rotational direction. 

591 In a second electronic operational mode, the force applied by cam pin 808 against side 

592 735 of cam slot 730a is sufficient to compress detent spring 718 to enable detent ball 719 to 

593 move out of detent 708, the "closing position" as shown in Figure 3, and to cause cam 704 to 

594 rotate clockwise about cam axle 705, so that ball 719 will move into detent 707 to thereby place 

595 the handcuffs in the "locked position" as shown in Figure 4. In this mode the swing arm cannot 

596 move in any rotational direction. 

597 In a third electronic operational mode, the force applied by cam pin 808 against side 734 

598 of cam slot 730a is sufficient to compress detent spring 718 to enable detent ball 719 to move 

599 out of detent 708, the "closing position" as shown in Figure 3, and is also sufficient, by means of 

600 the inside surface of first shoulder 71 1 of open area 732 against lever 610, to compress spring 

601 618 at distal end 608a of rod 608, and is still further sufficient to cause cam 704 to rotate 

602 counter clockwise about cam axle 705 so that ball 719 will move onto ramp 708a to thereby 

603 place the handcuffs in the "free position" as shown in Figure 5. In this mode the swing arm can 

604 move in the closing and in the opening rotational direction. 

605 Key 300 can be employed to rotate cam 704 about cam axle 705. This method can be 

606 of particular utility in the event of failure of the activation solenoid 800 or power source 901 . It 

607 is left to be stated that, after the handcuff has been positioned in the locked position, Figure 4, 

608 as above described, key 300 can be used to rotate cam 704 about the cam axle 705. As 

609 shown in Figure 6, mechanical counter clockwise rotation of cam 704 from the locked electronic 

610 position causes cam pin 808 to travel linearly in arm slot 804 to compress biasing spring 810 at 

61 1 distal end 807 of hollow portion 803a of cylinder 803. As biasing spring 810 is compressed by 
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612 cam pin 808, biasing spring 809 expands by the same amount to maintain contact with cam pin 

613 808. At all times while key 300 is rotating cam 704 counterclockwise about axle 705 the 

614 position of cylinder 803 remains in the electronically locked position. Also as shown in Figure 6, 

615 mechanical counter clockwise rotation of cam 704 about cam axle 705 causes contact between 

616 cam lever 610 and the inside surface of first shoulder 71 1 to thereby urge rod 608 to compress 

617 spring 618 at distal end 609 of rod 608 thus allowing the swing arm to move in any rotational 

618 direction. 

619 Once key 300 ceases to rotate cam 704 about cam axle 705, cam pin 808 no longer 

620 compresses biasing spring 810. The pressure of detent spring 718 on detent ball 719 on ramp 

621 708a will force cam 704 to rotate about cam axle 705 such that detent ball 719 is centered in 

622 detent 708 to prevent biasing spring 810 from returning to the electronic locked position. The 

623 new position is similar to the electronic closing position, Figure 3. 

624 Similarly, after the handcuff has been positioned in the closing position, Figure 3, as 

625 above described, key 300 can be used to rotate cam 704 about the cam axle 705. As shown in 

626 Figure 7, mechanical clockwise rotation of cam 704 from the closing electronic position causes 

627 cam pin 808 to travel linearly in arm slot 804 to compress biasing spring 809 at proximal end 

628 806 of hollow portion 803a of cylinder 803. As biasing spring 809 is compressed by cam pin 

629 808, biasing spring 810 expands by the same amount to maintain contact with cam pin 808. At 

630 all times while key 300 is rotating cam 704 clockwise about cam axle 705, the position of 

631 cylinder 803 remains in the electronically positioned closing position. The pressure of detent 

632 spring 718 on detent ball 719 is such that detent ball 719 is centered in detent 707 and will 

633 prevent biasing spring 809 from returning to the electronic closing position. 

634 Also as shown in Figure 7, mechanical clockwise rotation of cam 704 about cam axle 

635 705 causes contact between cam lever 610 and the inside surface of second shoulder 712 to 
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thereby urge proximal end 608b of rod 608 against the teeth of the idler gear 606 thus 
preventing the swing arm from moving in any rotational direction. 
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